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LOGIC BASIC CELL, LOGIC BASIC CELL
ARRANGEMENT AND LOGIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to German Patent Appli-

cation Serial No. 103 57 209.0, filed Dec. 8, 2003, and to
German Patent Application Serial No. 10 2004 011 487.0,
filed Mar. 9, 2004.

FIELD OF THE INVENTION

The 1nvention relates to a logic basic cell, a logic cell
arrangement and a logic device.

BACKGROUND OF THE INVENTION

The advent of digital technology and the rapid develop-
ment of microprocessor technology gave rise to a demand
for programmable logic. A PLD (“programmable logical
device”) 1s an integrated circuit whose logic function 1is
defined by the user by means of programming. A PLD 1s an
architecture for digital logic operations with a plurality of
switches that enable a multiplicity of signal paths. The logic
function assigned to a PLD 1n a user-specific fashion 1is
defined by means of the configuration of the PLD.

PLDs include, inter alia, field-programmable gate arrays
(FPGASs), the functionality of which can be assigned to them
by the user, mask-programmable gate arrays (MPGAs, also
called “structured ASICs”™), which can be allocated a logic
function by means of hardware configuration. Via-program-
mable gate arrays (VPGAs) belong among MPGAs.

A digital logic cell maps n mput signals onto an output
signal. The number of possible mapping functions is 2. A
circuit group as a digital logic cell 1s realized 1n accordance
with the prior art by using so-called look-up tables (LUT),
for example. For this purpose, function values of the logic
function are set by means of a data word of 2” bits. In other
words, the respectively selected logic Tunction 1s coded 1nto
a data word. n input signals a,, a,, . . . a,_, are combined with
one another 1n accordance with the selected logic function.
Consequently, the logic mput signals of the logic function
y=t (a,, a,, ..., a _,) may be regarded as a binary address
and converted into a one-hot coding 1n order to select the

function value subsequently by means ol pass gate logic.
Such a method 1s disclosed in Wannemacher, M “Das FPGA

Kochbuch”, [*““The FPGA Cookbook™], FIG. 6.4: SRAM cell
from XILINX, 1st Edition, International Thomson Publish-

ing Company, Bonn, 1998, p. 111, for example.

As an alternative, the mputs may serve as control mnputs
for a multiplexer tree, see Wannemacher, M “Das FPGA
Kochbuch”, [“The FPGA Cookbook™], FIG. 7.36: Logic
block (CLB) of the XC4000 families, 1st Edition, Interna-
tional Thomson Publishing Company, Bonn, 1998, p. 197.
The multiplexers may be realized 1n a logic-based manner
and/or on the basis of transmission gates.

U.S. Pat. No. 6,529,040 B1 discloses an FPGA on the
basis of a look-up table (LUT).

The logic basic cells using a look-up table which are
disclosed in the prior art have disadvantages with regard to
switching speed and/or interference immunity. The known
solutions furthermore cannot be realized sufliciently com-
pactly in terms of layout for many applications. Therelore,
continued scaling 1s possible only with difficulty using the
LUT solutions disclosed in the prior art.
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As an alternative to the known LUT architectures, the
prior art discloses interconnections comprising individual
logic gates which can be used to form a desired logic
function. However, such an architecture 1s restricted to the
formation of very specific logic functions, whereas the
overall scope of all possible logic mapping functions can
only be realized 1 a very complicated manner using pre-
determined logic gates. The complicated logic gates are
restricted with regard to the achievable switching speed, too.
The limitation of the scope of the possible logic functions
considerably complicates the automatic logic partitioning 1n
the case of an FPGA design.

Another approach consists 1n making logic complex
gates, which realize a combination of a plurality of logic
inputs, tlexibly interconnectable and 1n accomplishing a
complete or almost complete coverage of the combinatorial
function space through skilful combination of fewer than the
possible mputs. However, such a realization has the disad-
vantage that flexibility outside the cell 1s used for the internal
logic configuration of the cell and 1s thus limited. However,
the functional mapping 1s generally complicated.

U.S. Pat. No. 5,568,067 A describes circuit arrangements
that realize an XNOR logic function and an XOR logic
function. The logic selection elements present there can only
be allocated precisely one switching variable (designated by
C there) or the complement thereof.

U.S. Pat. No. 6,285,218 B1 discloses a method and a
circuit arrangement for implementing logic using mask-
programmable logic gates. Programmable logic arrays and
programmable dynamic gates are used.

SUMMARY OF THE INVENTION

The invention 1s based on the problem, 1n particular, of
providing a logic basic cell, a logic basic cell arrangement
and a logic device with an alternative architecture.

The mvention provides a logic basic cell for forming a
logic combination of two data signals 1n accordance with a
logic function that can be implemented by means of a
plurality of logic selection elements, having four data signal
inputs, to which two data signals and the logically comple-
mentary data signals thereof can be applied. Furthermore,
provision 1s made of a first logic selection element between
a first data signal mput and a second data signal input, a
second logic selection element between the first data signal
input and a fourth data signal input, a third logic selection
clement between the second data signal mput and a third
data signal input, and a fourth logic selection element
between the third and the fourth data signal input. A fifth
logic selection element 1s provided, which connects the
second data signal input directly to the reference potential,
and a sixth logic selection element connects the fourth data
signal input directly to the reference potential. As an alter-
native, the fifth and the sixth logic selection element may
also be connected such that they connect the first and
respectively the third data signal input directly to the data
signal output. It 1s furthermore possible for a fifth or sixth
logic selection element to connect the second or fourth data
signal input directly to the reference potential, while the
other, sixth or fifth logic selection element connects the first
or third data signal mnput directly to the data signal output.
The logic basic cell according to the imnvention furthermore
contains a data signal output, at which the logic combination
of the two data signals 1n accordance with the logic function
selected by means of the logic selection elements can be
provided as output signal. The first logic selection element
1s preferably set in accordance with a first switching vari-
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able, the second logic selection element 1s preferably set 1in
accordance with a second switching variable, the third logic
selection element 1s preferably set in accordance with a third
switching variable, the fourth logic selection element 1s
preferably set in accordance with a fourth switching vari-
able, the fifth logic selection element 1s set in accordance
with a fifth switching varniable, and the sixth logic selection
clement 1s set in accordance with a sixth switching variable.
All possible logic functions for combination of the two data
signals can be set by setting the sixth switching variables.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention are 1llustrated in
the figures and are explained in more detail below.

In the figures:

FIG. 1 shows a logic basic cell 1n accordance with a first
exemplary embodiment of the invention;

FIG. 2 shows a table 1illustrating the correlation between
values of six logic selection signals 1n a first data signal path
of transistors of a first conduction type and six further logic
selection signals independent thereot 1n a second data signal
path of transistors of a second conduction type and a logic
tfunction that 1s realized by the logic basic cell 1n accordance
with FIG. 1;

FIG. 3 shows a logic basic cell in accordance with a
second exemplary embodiment of the invention;

FIG. 4 shows a logic basic cell in accordance with a
preferred exemplary embodiment of the invention;

FIG. 5 shows a logic basic cell in accordance with a third
exemplary embodiment of the invention;

FIG. 6 shows a logic basic cell in accordance with a fourth
exemplary embodiment of the invention;

FIG. 7 shows a logic basic cell in accordance with a fifth
exemplary embodiment of the mmvention;

FIG. 8 shows a logic basic cell 1n accordance with a sixth
exemplary embodiment of the invention; and

FIG. 9 shows a logic basic cell in accordance with a
seventh exemplary embodiment of the mnvention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

The mvention provides a logic basic cell for forming a
logic combination of two data signals 1n accordance with a
logic function that can be implemented by means of a
plurality of logic selection elements, having four data signal
inputs, to which two data signals and the logically comple-
mentary data signals thereof can be applied. Furthermore,
provision 1s made of a first logic selection element between
a first data signal mput and a second data signal input, a
second logic selection element between the first data signal
input and a fourth data signal input, a third logic selection
clement between the second data signal mput and a third
data signal input, and a fourth logic selection element
between the third and the fourth data signal input. A fifth
logic selection element 1s provided, which connects the
second data signal input directly to the reference potential,
and a sixth logic selection element connects the fourth data
signal mput directly to the reference potential. As an alter-
native, the fifth and the sixth logic selection element may
also be connected such that they connect the first and
respectively the third data signal input directly to the data
signal output. It 1s furthermore possible for a fifth or sixth
logic selection element to connect the second or fourth data
signal input directly to the reference potential, while the
other, sixth or fifth logic selection element connects the first
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or third data signal input directly to the data signal output.
The logic basic cell according to the imnvention furthermore
contains a data signal output, at which the logic combination
of the two data signals 1n accordance with the logic function
selected by means of the logic selection elements can be
provided as output signal. The first logic selection element
1s preferably set in accordance with a first switching vari-
able, the second logic selection element 1s preferably set 1n
accordance with a second switching variable, the third logic
selection element 1s preferably set in accordance with a third
switching variable, the fourth logic selection element 1s
preferably set in accordance with a fourth switching vari-
able, the fifth logic selection element 1s set 1n accordance
with a fifth switching variable, and the sixth logic selection
clement 1s set 1n accordance with a sixth switching vanable.
All possible logic functions for combination of the two data
signals can be set by setting the sixth switching variables.

What 1s achieved by means of the logic selection elements
functioning as two additional switches, namely the fifth
logic selection element and the sixth logic selection element,
1s that a reference voltage 1s applied to a switching variable
or the complement thereof or that a switching variable or the
complement thereof 1s applied to the data signal output, 1.e.
connected to the latter. The two logic selection elements are
arranged within the logic basic cell and connected up to the
other components of the logic basic cell in such a way that
the functionality described above 1s achieved.

The logic basic cell arrangement according to the mven-
tion for forming a logic combination of three data signals
contains a first and a second logic basic cell having the
features described above, to the data signal inputs of which
the two data signals and the logically complementary data
signals thereof can be applied. Furthermore, the logic basic
cell arrangement contains a multiplexer, at the first data
input of which the output signal of the first logic basic cell
1s provided, at the second data mput of which the output
signal of the second logic basic cell 1s provided, and at the
control mput of which a third data signal 1s provided. The
logic combination of the three data signals 1s provided as
output signal at a data signal output of the logic basic cell
arrangement.

The logic device according to the invention for forming a
logic combination of more than three data signals contains
a plurality of logic basic cell arrangements having the
teatures described above.

One basic 1dea of the invention can be seen 1n the fact that
a logic basic cell 1s provided, 1n particular for use in regular
cell arrays (FPGA, MPGA), 1n a circuitry realization such
that a complete mapping of the combinatorial function space
over n 1nputs 1s achieved 1n conjunction with a very small
number of required components (e.g. transistors). In other
words, the logic basic cell according to the invention makes
it possible to realize any possible logic combination of two
data signals 1n an optimised interconnection of logic selec-
tion elements and data signal inputs.

Clearly, a first data signal, a complementary data signal
with respect to the first data signal, a second data signal and
a complementary data signal with respect to the second data
signal are applied to the four data signal inputs. The logic
selection elements are configured in such a way that they
determine the logic function realized by the logic basic cell
according to the invention. This may be achieved e.g. by
means of a hardwired realization of the logic selection
clements, so that, 1n this case, the logic function 1s deter-
mined by means of the invariable wiring of the data signal
inputs that 1s prescribed by the logic selection elements. As
an alternative, the logic selection elements may be provided
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for example as logic selection transistors, the logic function
to be realized being prescribed by means of applying logic
selection signals to the gate terminals of said logic selection
transistors.

The architecture of the logic basic cell according to the
invention constitutes a very simple arrangement which
enables any possible logic function to be realized with a very
low circuitry outlay. The particularly compact realization of
the logic basic cell according to the invention saves chip area
and thus enables continued mimaturization.

On account of the mimaturatizability of the logic basic
cell of the invention, in the case of which only very few
circuitry components are used, the signal paths are kept
short, an energy-saving operability 1s made possible and a
high processing speed 1s achieved 1n conjunction with high
flexibility with regard to the logic functions to be realized.

To put 1t another way, the logic basic cell according to the
invention constitutes a greatly improved or optimised real-
ization of a logic function of two nputs.

In accordance with Boolean algebra, a complete logic
function f of n+1 nputs or data signalsa,a__,,...,a,, a,
can be decomposed 1nto two subfunctions f,, I; of n 1puts
with the aid of the mapping specification

Ay @y y, - o @y, a0)=a, (@0, - - ay, ap)va,f
@, ¢ - -, ay, ap)

(1).

In other words, the logic function { of n+l nputs 1s
reduced to two logic subfunctions 1, {; having n 1nputs in
cach case.

Clearly, for the special case n+1=3, each of the functions
t,, I; can be realized by means of a logic basic cell according
to the invention. For n+1=3, the combination in accordance
with the equation (1) 1s realized by a multiplexer, at the data
signal 1nputs of which the output signals of the two logic
basic cells 1,, 1; are provided and at the control mput of
which the data signal a, (or the logically complementary
data signal a, with respect to a,) is provided. Such a
configuration corresponds to the logic basic cell arrange-
ment according to the mvention.

To put 1t another way, the relationship of equation (1) 1s
realized by means of the multiplexer of the logic basic cell
arrangement. With complete induction, 1t can be shown on
the basis of equation (1) that an arbitrarily complex logic
function can be reduced to subfunctions of two mputs. Since
a multiplexer can be constructed very compactly (e.g. mul-
tiplexer comprising two diametrically oppositely switching,
transmission gates with four transistors), such a decompo-
sition 1s very advantageous.

The logic basic cell according to the invention provides a
very favorable realization of a logic function of two inputs.
In order to represent such a function of two inputs y=i(a,,
a,), the data signals a,, a,, a,, a, are provided at four data
signal puts, e¢.g. at the gate terminals of four data signal
transistors. Furthermore, the four logic selection elements
are provided, e.g. realized as logic selection transistors, for
the construction of all four possible product terms with
additional use of the fifth logic selection element and the
sixth logic selection element.

In standard CMOS technology, logic gates are composed
of a pull-up path and a pull-down path. The above argu-
mentation holds true 1 the same way for each of the two
paths, so that twenty transistors suflice for a realization of all
functions of two 1nputs in CMOS logic 1f the configuration
switches or logic selection elements are embodied as logic
selection transistors.

The advantages of the logic basic cell according to the
invention are the small area in conjunction with high switch-
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6

ing speed of the cell and 1n conjunction with a very low
power consumption. These advantages are achieved without
limiting the flexibility with regard to the logic function that
can be realized.

Preferred developments of the invention emerge from the
dependent claims.

The logic selection elements may be mnvariable hardware
elements. In accordance with this realization, the desired
logic function 1s fixedly prescribed once, to be precise by
means of wiring the four data signal inputs 1n a prescribed
manner. The coupling between the individual data signals
that are provided at the data signal inputs 1s prescribed by the
interconnection of the logic selection elements and thus
leads to an unambiguous logic function.

In accordance with the configuration described, the logic
selection elements may be realized by means of a plurality
of metallization planes and/or vias.

In the case of the logic basic cell according to the
invention, the first logic selection element may be a first
logic transistor, which can be controlled by means of a first
logic selection signal. The second logic selection element
may be a second logic transistor, which can be controlled by
means ol a second logic selection signal. The third logic
selection element may be a logic transistor which can be
controlled by means of a third logic selection signal, and the
fourth logic selection element may be a fourth logic tran-
sistor, which can be controlled by means of a fourth logic
selection signal. The fifth logic selection element may be a
fifth logic transistor, which can be controlled by means of a
fifth logic selection signal. The sixth logic selection element
may be a sixth logic transistor, which can be controlled by
means of a sixth logic selection signal. In accordance with
this configuration, six logic selection signals are applied to
the logic transistors, preferably to the gate terminals thereof,
thereby realizing a very specific coupling of the data signals
at the data signal mputs. The logic function that 1s realized
1s prescribed in accordance with this specific coupling,
which can be prescribed 1n a variable manner.

Furthermore, the logic basic cell of the mnvention may
have four data signal transistors, at the gate terminals of
which 1n each case one of the data signals or the logically
complementary data signals can be provided. In the case of
this configuration, the four data signals, 1.e. the first data
signal and 1ts logic complement and also the second data
signal and 1ts logic complement, are coupled 1nto the logic
basic cell according to the mmvention via gate terminals of
four data signal transistors.

In accordance with the configuration described, a first
data signal transistor may be connected up 1n such a way that
its {irst source/drain terminal 1s coupled to a first source/
drain terminal of the first logic transistor and to a second
source/drain terminal of the second logic transistor. Further-
more, the second source/drain terminal of the second data
signal transistor may be coupled to a first source/drain
terminal of a third data signal transistor.

The third data signal transistor may be connected up 1n
such a way that its second source/drain terminal 1s coupled
to a first source/drain terminal of the fourth logic transistor
and to a first source/drain terminal of the third logic tran-
s1stor.

A second data signal transistor may be connected up 1n
such a way that 1ts first source/drain terminal 1s coupled to
a second source/drain terminal of the first logic transistor
and to a second source/drain terminal of the third logic
transistor. A second source/drain terminal of the second data
signal transistor may be coupled to a first source/drain
terminal of a fourth data signal transistor.
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The fourth data signal transistor may be connected up in
such a way that i1ts second source/drain terminal 1s coupled
to a second source/drain terminal of the second logic tran-
sistor and to a second source/drain terminal of the fourth
logic transistor.

Furthermore, the fifth logic transistor may be connected
up 1n such a way that its

first source/drain terminal 1s connected up to the first

source/drain terminal of the second data signal transis-
tor, the second source/drain terminal of the first logic
transistor and the second source/drain terminal of the
third logic transistor;

second source/drain terminal 1s connected up to the sec-

ond source/drain terminal of the first data signal tran-
sistor and the first source/drain terminal of the third
data signal transistor.

As an alternative, the fifth logic transistor may be con-
nected up 1n such a way that its

first source/drain terminal 1s connected up to the second

source/drain terminal of the second data signal transis-
tor and the first source/drain terminal of the fourth data
signal transistor;

second source/drain terminal 1s connected up to the first

source/drain terminal of the first data signal transistor,
the first source/drain terminal of the first logic transistor
and the first source/drain terminal of the second logic
transistor.

The sixth logic transistor may be connected up in such a
way that its

first source/drain terminal 1s connected up to the second

source/drain terminal of the fourth data signal transis-
tor, the second source/drain terminal of the second
logic transistor and the second source/drain terminal of
the fourth logic transistor,

second source/drain terminal 1s connected up to the sec-
ond source/drain terminal of the first data signal tran-
sistor and the first source/drain terminal of the third
data signal transistor.

As an alternative, the sixth logic transistor may be con-
nected up 1n such a way that its

first source/drain terminal 1s connected up to the second
source/drain terminal of the second data signal transis-
tor and to the first source/drain terminal of the fourth
data signal transistor;

second source/drain terminal 1s connected up to the sec-
ond source/drain terminal of the third data signal tran-
sistor, the first source/drain terminal of the third logic
transistor and the first source/drain terminal of the
fourth logic transistor.

The described interconnection of the four data signal
transistors with the six logic transistors provides a preferred
circuitry realization of a logic basic cell for realizing all
possible logic Tunctions for combination of the data signals,
and this with a very low circuitry outlay.

The logic basic cell according to the invention may have
an evaluation switch coupled to the data signal output and a
precharge switch, which switches are connected up and can
be controlled in such a way that the output signal 1s provided
at an output of the logic basic cell when the evaluation
switch 1s closed (1.e. permits signal transier) and the pre-
charge switch 1s open (1.e. does not permit signal transfer),
and a reference signal 1s provided at an output of the logic
basic cell when the precharge switch 1s closed and the
evaluation switch 1s open. The evaluation switch and the
precharge switch may in each case be transistors, in par-
ticular field eflect transistors or bipolar transistors.
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In accordance with this configuration, the output can be
charged to the reference potential by means of the precharge
switch (precharge phase), for example during the first half of
a switching period of the logic basic cell. By means of the
evaluation switch, the output signal processed 1n accordance
with the prescribed logic function can be provided at the
output, for example during the second half of the switching
period of the logic basic cell (evaluate phase).

Each of the logic transistors and each of the data signal
transistors of the logic basic cell may be a transistor of a first
conduction type, the transistors of the first conduction type
forming a first data signal path. A second data signal path
may be formed from transistors of a second conduction type,
which 1s complementary to the first conduction type, in
which case, for each of the transistors of the first data signal
path, a correspondingly connected up transistor i1s provided
in the second data signal path.

The two data signal paths are antisymmetrical with
respect to one another, the logic function being realized
using transistors ol a first conduction type (p conduction
type or n conduction type) in the first data signal path and
from transistors of a second conduction type (n conduction
type or p conduction type) in the second signal path.

The first conduction type may be the p conduction type
and the second conduction type may be the n conduction
type. As an alternative, the first conduction type may be the
n conduction type and the second conduction type may be
the p conduction type.

Consequently, the logic basic cell according to the mnven-
tion may be set up as a CMOS logic basic cell.

The logic basic cell may furthermore have a first inverter
for forming a logically complementary data signal with
respect to a first data signal, and a second inverter for
forming a logically complementary data signal with respect
to a second data signal.

The first data signal and the second data signal may be
provided at inputs of the logic basic cell, and the respective
complementary or inverse data signal may be generated
from them using a respective mverter and be coupled into
the logic basic cell for logic processing.

Two of the data signal transistors of the logic basic cell
may be transistors of a first conduction type and two data
signal transistors may be transistors of a second conduction
type, which 1s complementary to the first conduction type,
the four data signal transistors forming a first data signal
path. Furthermore, a second data signal path may be formed
from transistors, in which case, for each of the transistors of
the first data signal path, a correspondingly connected up
transistor 1s provided 1n a second data signal path. Corre-
sponding transistors of the first and of the second data signal
path are transistors of in each case the same conduction type.

In accordance with this configuration, transistors of both
conduction types (n conduction type and p conduction type)
are 1n each case provided in the two data signal paths. The
inverters which, 1n accordance with a different exemplary
embodiment, may be provided for forming the logically
complementary values with respect to the data signals a,, a,
can be obviated with this realization.

In this scenario, 1t 1s advantageous for the transistors of a
respective data signal path to be provided with electrical
supply potentials such that different threshold voltages of
transistors of the first and of the second conduction type are
completely or partly compensated for.

Clearly, the different switching behaviour of p-MOS and
n-MOS transistors 1s utilized in accordance with the con-
figuration described. By utilizing this different switching
behavior, forming the respective logically complementary
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values with respect to the data signals a,, a; by means of
inverters may be dispensable. However, p-MOS and n-MOS
transistors may have different values of threshold voltages
that are compensated for by means of providing different
supply potentials. 5

The logic basic cell according to the invention may be
provided as an application-specific integrated circuit. In
particular, the logic basic cell may be provided as Program-
mable Logical Device (PLD), as Field-Programmable Gate
Array (FPGA) or as mask-programmed Application-Specific 10
Integrated Circuit (mASIC).

Even though configurations of the logic basic cell have
been described, these configurations are nevertheless also
intended to apply to the logic basic cell arrangement accord-
ing to the mvention and the logic device according to the 15
invention.

Identical or similar components in different figures are
provided with identical reference numerals.

The 1llustrations 1n the figures are schematic and not to
scale.

A description 1s given below, with reference to FIG. 1, of
a logic basic cell 100 1n accordance with a first exemplary
embodiment of the invention.

The logic basic cell 100 has a first data signal path 101
comprising n-MOS transistors and a second data signal path
102 comprising p-MOS transistors.

The structure of the first data signal path 101 1s described
in more detail below.

The first data signal path 101 has a first data signal input ,,
103, at which a first data signal a, i1s provided. Furthermore,
a second data signal a, 1s provided at a second data signal
input 104. A complementary data signal a, with respect to
the first data signal a,, is provided at a third data signal input
105. Moreover, a complementary data signal a, with respect 45
to the second data signal a, is provided at a fourth data signal
input 106.

The output signal v of the logic combination of the data
signals a,,, a, (and the logically complementary signals a,, a,
thereol) 1 accordance with a selected logic function 1s 4
provided at a data signal output 107.

A first n-MOS logic selection transistor 108 1s provided as
a first logic selection element between the first data signal
input 103 and the second data signal mput 104. The first
n-MOS logic selection transistor 108 can be controlled by 45
means of a first n-MOS transistor logic selection signal sn.
Furthermore, a second n-MOS logic selection transistor 109
1s provided as a second logic selection element between the
first data signal mput 103 and the fourth data signal 1mput
106. The second n-MOS logic selection transistor 109 can be 50
controlled by means of a second n-MOS transistor logic
selection signal s,n. Moreover, a third n-MOS logic selec-
tion transistor 110 1s provided as third logic selection
clement between the second data signal input 104 and the
third data signal mput 105, which third logic selection 55
transistor 110 can be controlled by means of a third n-MOS
transistor logic selection signal s,n. A fourth n-MOS logic
selection transistor 111 1s provided as a fourth logic selection
clement between the third data signal input 105 and the
fourth data signal mput 106, which fourth n-MOS logic ¢
selection transistor 111 can be controlled by means of a
fourth n-MOS ftransistor logic selection signal s,n.

The first data signal input 103 1s coupled to the gate region
of a first n-MOS data signal transistor 112. The second data
signal mput 104 1s coupled to the gate region of a second 65
n-MOS data signal transistor 113. The third data signal input
105 1s coupled to the gate region of a third n-MOS data
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signal transistor 114. The fourth data signal input 106 1s
coupled to the gate region of a fourth n-MOS data signal
transistor 115.

The first n-MOS data signal transistor 112 1s connected up
in such a way that 1ts first source/drain terminal 1s coupled
to a first source/drain terminal of the first n-MOS logic
selection transistor 108 and to a first source/drain terminal of
the second n-MOS logic selection transistor 109. A second
source/drain terminal of the first n-MOS data signal tran-
sistor 112 1s coupled to a first source/drain terminal of the
third n-MOS data signal transistor 114, and 1s brought to the
clectrical supply potential 126. The third n-MOS data signal
transistor 114 1s connected up in such a way that 1ts second
source/drain terminal 1s coupled to a first source/drain
terminal of the fourth n-MOS logic selection transistor 111
and to a first source/drain terminal of the third n-MOS logic
selection transistor 110.

The second n-MOS data signal transistor 113 1s connected
up 1n such a way that 1ts first source/drain terminal 1s
coupled to a second source/drain terminal of the first n-MOS
logic selection transistor 108 and to a second source/drain
terminal of the third n-MOS logic selection transistor 110. A
second source/drain terminal of the second n-MOS data
signal transistor 113 1s coupled to a first source/drain ter-
minal of the fourth n-MOS data signal transistor 115. The
fourth n-MOS data signal transistor 115 1s connected up 1n
such a way that its second source/drain terminal 1s coupled
to a second source/drain terminal of the second n-MOS logic
selection transistor 109 and to a second source/drain termi-
nal of the fourth n-MOS logic selection transistor 111. The
second source/drain terminal of the second n-MOS data
signal transistor 113 and the first source/drain terminal of the
fourth n-MOS data signal transistor 115 are coupled to the
data signal output 107 v.

The complementary data signal a, with respect to the
second data signal a, can be generated from said second data
signal a, by means of a first inverter 124.

The complementary data signal a, with respect to the first
data signal a, can be generated from said first data signal a,
by means of a second 1nverter 1235.

Furthermore, a fifth n-MOS logic selection transistor 128
1s provided as a fifth logic selection element. The first
source/drain terminal of the fifth n-MOS logic selection
transistor 128 1s coupled to the first source/drain terminal of
the second n-MOS data signal transistor 113, the second
source/drain terminal of the first n-MOS logic selection
transistor 108 and also to the second source/drain terminal of
the third n-MOS logic selection transistor 110. The second
source/drain terminal of the fifth n-MOS logic selection
transistor 128 1s coupled to the electrical supply potential
126, the second source/drain terminal of the first n-MOS
data signal transistor 112 and the first source/drain terminal
of the third n-MOS data signal transistor 114. The fifth
n-MOS logic selection transistor 128 can be controlled by
means of a fifth n-MOS transistor logic selection signal s n.

Furthermore, a sixth n-MOS logic selection transistor 129
1s provided as a sixth logic selection element. The first
source/drain terminal of the sixth n-MOS logic selection
transistor 129 1s coupled to the second source/drain terminal
of the fourth n-MOS data signal transistor 115, the second
source/drain terminal of the fourth n-MOS logic selection
transistor 111 and to the second source/drain terminal of the
second n-MOS logic selection transistor 109. The second
source/drain terminal of the sixth n-MOS logic selection
transistor 129 1s coupled to the electrical supply potential
126, the second source/drain terminal of the first n-MOS
data signal transistor 112 and the first source/drain terminal
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of the third n-MOS data signal transistor 114 and also to the
second source/drain terminal of the fifth n-MOS logic selec-
tion transistor 128. The sixth n-MOS logic selection tran-
sistor 129 can be controlled by means of a sixth n-MOS
transistor logic selection signal s.n.

The construction of the second data signal path 102 1s
described below.

This path 1s connected up antisymmetrically with respect
to the first data signal path 101.

Instead of a first n-MOS logic selection transistor 108, a
first p-MOS logic selection transistor 116 1s provided in the
second data signal path 102. The second n-MOS logic
selection transistor 109 1s replaced by a second p-MOS logic
selection transistor 117. The third n-MOS logic selection
transistor 110 1s replaced by a third p-MOS logic selection
transistor 118. The fourth n-MOS logic selection transistor
111 1s replaced by a fourth p-MOS logic selection transistor
119. The first n-MOS data signal transistor 112 1s replaced
by a first p-MOS data signal transistor 120. The second
n-MOS data signal transistor 113 1s replaced by a second
p-MOS data signal transistor 121. The third n-MOS data
signal transistor 114 1s replaced by a third p-MOS data signal
transistor 122. The fourth n-MOS data signal transistor 115
1s replaced by a fourth p-MOS data signal transistor 123.

The signal at the gate terminals of the data signal tran-
sistors 120 to 123 of the p-MOS data signal path 102 1s the
respective mverted signal compared with the signals at the
gate terminals of the data signal transistors 112 to 113 of the
n-MOS data signal path 101. Thus, a, 1s present at the gate
of the first p-MOS data signal transistor 120, whereas a, is
present at the gate of the first n-MOS data signal transistor
112. a, 1s present at the gate of the second p-MOS data signal
transistor 121, whereas a, is present at the gate of the second
n-MOS data signal transistor 113. a, is present at the gate of
the third p-MOS data signal transistor 122, whereas a, 1s
present at the gate of the third n-MOS data signal transistor
114, and a, is present at the gate of the fourth p-MOS data
signal transistor 123, whereas a, 1s present at the gate of the
tourth n-MOS data signal transistor 113.

Asymmetry of the two data signal paths 101, 102 1s to be
understood to mean that although the arrangement thereof
with respect to one another 1s essentially mirror-symmetri-
cal, the conduction types of the mutually corresponding
transistors are complementary to one another, and the data
signals at the inputs of mutually corresponding data signal
transistors are likewise complementary to one another.

The first p-MOS logic selection transistor 116 can be
controlled by means of a first p-MOS transistor logic selec-
tion signal s,p. The second p-MOS logic selection transistor
117 can be controlled by means of a second p-MOS ftran-
sistor logic selection signal s;p. The third p-MOS logic
selection transistor 118 can be controlled by means of a third
p-MOS ftransistor logic selection signal s.p. The fourth
p-MOS logic selection transistor 118 can be controlled by
means of a fourth p-MOS ftransistor logic selection signal
S

The source-drain terminals—coupled to one another—of
the first p-MOS data signal transistor 120 and of the third
p-MOS data signal transistor 122 are brought to the supply
potential 127. Furthermore, the source/drain terminals—
coupled to one another—of the second p-MOS data signal
transistor 121 and of the fourth p-MOS data signal transistor
123 are coupled to the data signal output 107.

Furthermore, a fifth p-MOS logic selection transistor 130
1s provided as a {fifth logic selection element. The first
source/drain terminal of the fifth p-MOS logic selection
transistor 130 1s coupled to the first source/drain terminal of
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the second p-MOS data signal transistor 121, the second
source/drain terminal of the first p-MOS logic selection
transistor 116 and also to the second source/drain terminal of
the third p-MOS logic selection transistor 118. The second
source/drain terminal of the fifth p-MOS logic selection
transistor 130 1s coupled to the electrical supply potential
127, the second source/drain terminal of the first p-MOS
data signal transistor 120 and the first source/drain terminal
of the third p-MOS data signal transistor 122. The fifth
p-MOS logic selection transistor 130 can be controlled by
means of a fifth p-MOS transistor logic selection signal s, p.

Furthermore, a sixth p-MOS logic selection transistor 131
1s provided as a sixth logic selection element. The first
source/drain terminal of the sixth p-MOS logic selection
transistor 131 1s coupled to the second source/drain terminal
of the fourth p-MOS data signal transistor 123, the second
source/drain terminal of the fourth p-MOS logic selection
transistor 119 and to the second source/drain terminal of the
second p-MOS logic selection transistor 117. The second
source/drain terminal of the sixth p-MOS logic selection
transistor 131 1s coupled to the electrical supply potential
127, the second source/drain terminal of the first p-MOS
data signal transistor 120 and the first source/drain terminal
of the third p-MOS data signal transistor 122 and also to the
second source/drain terminal of the fifth p-MOS logic selec-
tion transistor 130. The sixth n-MOS logic selection tran-
sistor 131 can be controlled by means of a sixth p-MOS
transistor logic selection signal s.p.

It should be noted that the n-MOS transistor logic selec-
tion signals are diflerent signals than the p-MOS transistor
logic selection signals and these can thus be set indepen-
dently of one another (although they may also have the same
logic value). The independence of the setability of the
individual signals relative to one another 1s symbolized by
the following specifications:

SoP#So1;

S, #S,1;

S,P#S,1;

S P#S,1;

S P#S41;

S P#Ss1.

The functionality of the logic basic cell 100 1s described
below.

The logic basic cell 100 constitutes a realization of an
optimised logic basic cell of two 1nput signals a,, a; (and of
the logically complementary signals a,, a, thereof) using
static standard CMOS circuitry. By means of prescribing the
first to sixth n-MOS transistor logic selection signals s,n to
s.n and the first to sixth p-MOS transistor logic selection
signals sop to s<p, 1t 1s defined whether the channel regions
of the logic selection transistors 108 to 111 and 128 and 129
and, respectively, 116 to 119 and 130 and 131 are conducting
or nonconducting. As a result, specific signal paths within
the data signal paths 101 and 102 are permitted, and others
are precluded. This leads to a defined combination of the
input signals a,, a,, a,, a, in accordance with a logic
function, which are prescribed by means of prescribing the
logic selection signals s,n to s.n and s,p to s.p. The
combination of the data signals 1n accordance with the

prescribed logic function leads to an output signal y pro-
vided at the data signal output 107.

The logic basic cell 100 illustrated 1 FIG. 1 has the

advantage, 1n particular, of a very low capacitive loading at
the data signal output 107 and, in the case where the
dimensioning of the transistors 1s of the same magnitude,
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thus has a speed advantage of the logic basic cell compared
with the embodiments of the invention that are illustrated in
FIGS. 7 to 9.

The table 200 shown 1n FIG. 2 specifies which logic
function y will be prescribed for the different permutations
of the logic selection signals s n to s.n and sop to s.p. By
way of example, the data signals a, and a, are combined 1n
accordance with an OR logic function 1f

the first n-MOS transistor logic selection signal s n has

the logic value “17;
the second n-MOS transistor logic selection signal s,n has
the logic value “07;

the third n-MOS transistor logic selection signal s,n has

the logic value *“07;
the fourth n-MOS transistor logic selection signal s;n has
the logic value “07;

the fifth n-MOS ftransistor logic selection signal s, n has
the logic value “07;

the sixth n-MOS transistor logic selection signal s.n has
the logic value “07;

the first p-MOS transistor logic selection signal sop has
the logic value “17;

the second p-MOS transistor logic selection signal sip has
the logic value “17;

the third p-MOS transistor logic selection signal s,p has

the logic value *“07;
the fourth p-MOS transistor logic selection signal s;p has
the logic value *17;

the fifth p-MOS ftransistor logic selection signal s p has
the logic value “17;

the sixth p-MOS transistor logic selection signal s.p has
the logic value “0”.

Table 200 indicates the allocation of the switching vari-
ables s n, s;n, s,n, s;n, s,n, S0, S5P, S;P, S-P> S3P, S4P, SsP
with the aid of which all possible sixteen logic functions for
combination of two data signals a, and a;, can be set.
More-significant complex functions can be constructed
using equation (1), using a logic basic cell arrangement or
logic device according to the invention.

It should be noted 1n this connection that, for some logic
functions, the switch positions (logic value “1” or logic
value “0” of the individual switching variables s n, s, n, s,n,
Sy1, SN, S<1, SoP, S{P, S-Ps SiP, S4P, S<p) may also be different
in order to realize the same respective logic function.

A description 1s given below, with reference to FIG. 3, of
a logic basic cell 300 1n accordance with a second exemplary
embodiment of the invention.

In contrast to the logic basic cell 100 from FIG. 1, the
logic basic cell 300 from FIG. 3 1s not constructed using
static CMOS logic. The logic basic cell 300 1s formed only
from a data signal path 101, the internal interconnection of
which corresponds to the interconnection of the transistors
in the first data signal path 101 of FIG. 1. Consequently, 1n
contrast to the logic basic cell 100, the logic basic cell 300
1s provided with precisely one data signal path 101 com-
prising n-MOS field effect transistors 108 to 115 and 128 and
129, whereas the data signal path 102 comprising p-MOS
field eflect transistors 116 to 122 as shown in FIG. 1 1s
obviated.

An output signal representing the result of the processing
of the data signals a,, a, of the selected logic function 1s
provided at a data signal path output 305 of the data signal
path 101, which output 1s coupled to a first source/drain
region of an n-MOS evaluation transistor 301. Given a
corresponding signal at an evaluation mput 303 coupled to
the gate region of the evaluation transistor 301, the pro-
cessed output signal 1s present at an output 107 of the logic
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basic cell 300, said output being coupled to the second
source/drain region of the evaluation transistor 301. The
second source/drain region of the evaluation transistor 301
1s coupled to a first source/drain region of a p-MOS pre-
charge transistor 302, the second source/drain region of
which 1s brought to the electrical supply potential 127.
(Given a corresponding signal at a precharge mput 304
coupled to the gate region of the precharge transistor 302,
the electrical supply potential 127 i1s present as reference
potential at the output 107 of the logic basic cell 300, said
output being coupled to the first source/drain region of the
precharge transistor 302.

Consequently, compared with FIG. 1, the path comprising
p-MOS ftransistors 1s obviated in FIG. 3. The pull-down
network 101 1s formed from n-MOS transistors 1n FIG. 3 as
in FIG. 1, whereas 1n FIG. 3 the pull-up network 102
comprising p-MOS transistors 1s obviated and replaced by a
statically or dynamically configured precharge transistor
302. As an alternative to FIG. 3, the signal path comprising
n-MOS ftransistors 1 FIG. 1 may also be obwviated and
replaced by a precharge transistor, in which case a signal
path comprising p-MOS transistors 1s provided.

Consequently, 1n the case of the non-static CMOS real-
ization of the logic basic cell 300 according to the mnvention
in accordance with FIG. 3, a pull-up transistor 302 1is
provided, which precharges the output 107 y to a logic value
“1” m a partial iterval of the switching time of the logic
basic cell 300 (precharge phase), whereas in the rest of the
switching time the selected logic function 1s calculated 1n the
pull-down path 101 realized according to the nvention
(evaluation phase).

All circuits which contain at least one of the two paths
(pull-up or pull-down path) of the structure of FIG. 1
likewise constitute a logic basic cell in the sense of the
invention, irrespective of how the respective opposite logic
potential 1s realized.

A description 1s given below, with reference to FIG. 4, of
a logic basic cell 400 1n accordance with a preferred exem-
plary embodiment of the invention.

The logic basic cell 400 from FIG. 4 differs from the logic
basic cell 100 shown 1 FIG. 1 by virtue of the fact that the
logic selection transistors 108 to 111 and 128 and 129 and,
respectively, the logic selection transistors 116 to 119 and
130 and 131 are replaced by hardwired contact-connecting,
clements, formed from components 403 to 405. The logic
basic cell 400 1s formed from a first data signal path 401,
which contains the first to fourth n-MOS data signal tran-
sistors 112 to 115 connected up 1n a manner similar to that
in FIG. 1, and from a second data signal path 402, which
contains the CMOS data signal transistors 120 to 123
connected up 1 a manner similar to that in FIG. 1. The
interconnection of the data signal transistors 112 to 115, 120
to 123 in the two data signal paths 401, 402 1s fixedly
prescribed in terms of hardware, that 1s to say realized by
means ol contact-connecting elements of a first metallization
plane 403, of a second metallization plane 404 and by means
of vias 405, which are formed 1n a manner running perpen-
dicular to the paper plane of FIG. 4. To put 1t another way,
the logic selection elements of the logic basic cell 400 are
provided as invariable hardware elements, namely by means
of a plurality of metallization planes 403, 404 and vias 405.
The wiring of the data signal transistors 112 to 115 and 120
to 123 defines a respective fixedly prescribed logic function.

To put 1t another way, in FI1G. 4 configuration transistors
108 to 111 and 128 and 129 and, respectively, 116 to 119 and
130 and 131 are replaced by wvia bridges 403 to 405.

Preferably, 1n each case two vias are used per bridge, as a
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result of which the conduction load of an open bridge for
cach transistor 1s kept as low as possible. Furthermore, four
power vias 406 make it possible to 1solate possibly omitted
logic paths from the supply voltage 127 V ,, and from the
ground potential V__ 126. The functionality table from FIG.
2 holds true for FIG. 4.

As an alternative, the switches between the individual
transistors 1n FIG. 4 may also be produced by all other via
planes, any arbitrary metal layer, polysilicon, diffusion
regions or by means of any other suitable plane of a
present-day or tuture CMOS process.

Within the standard CMOS circuitry, the logic basic cell
shown 1n FIG. 4 1s a particularly small and fast logic basic
cell that 1s particularly favorable in terms of the power
consumption, and therefore constitutes a preferred embodi-
ment.

As 1n the VPGA realization of the logic basic cell 400 1n
standard CMOS as shown 1n FIG. 4, two input inverters 124,
125 are used for generating the negated potentials a,, a, from
the data signals a, and a,, respectively.

A description 1s given below, with reference to FIG. 5, of
a logic basic cell 500 1n accordance with a fourth exemplary
embodiment.

The logic basic cell 500 1s provided 1n a similar manner
to the logic basic cell 400 with invariable hardware elements
as logic selection elements, 1.e. using metallization planes
403, 404 and also vias 405 for connecting data signal
transistors 1n a first data signal path 501 and 1n a second data
signal path 502. In contrast to FIG. 4, the transistors within
a respective data signal path 501 or 502 are not all of the
same conduction type 1n FIG. 5.

In the first data signal path 501, compared with FI1G. 4, the
third n-MOS data signal transistor 114 1s replaced by a first
p-MOS data signal transistor 503. Furthermore, the fourth
n-MOS data signal transistor 115 1s replaced by a second
p-MOS data signal transistor 504. In the second data signal
path 502, the first p-MOS data signal transistor 120 1s
replaced by a first n-MOS data signal transistor 505, and the
second p-MOS data signal transistor 121 1s replaced by a
second n-MOS data signal transistor 506.

Furthermore, two additional supply potentials 507 and
509 are provided 1n addition to the supply voltage 127, and
two additional ground potentials 508 and 510 are provided
in addition to the electrical ground potential 126. The
additional supply potential 5307 1s increased by twice the
threshold voltage of the transistors V,, compared with the
supply potential 127 (V,,+2V ., ); the additional supply
potential 509 is increased by just the threshold voltage
(V,5p+V ). The additional ground potential 508 1s reduced
by twice the threshold voltage V,, compared with the ground

potential 126 (V..-2V_); the additional supply potential
510 1s reduced by just the threshold voltage (V. ~V ).

In the case of the logic basic cell 500 shown 1n FIG. 5,
compared with FIG. 4, the two inverters 124, 125 are
obviated on account of the described alteration in the
transistor configuration. The n-channel transistors 505, 506
are used for the noninverted input signals a,, a, i the
pull-up path 502, whereas p-channel transistors 503, 504 are
used for the inverted input signals a, and a, in the pull-down
path 501. The transistors of the n-channel conduction type
are mncomplete switches for the supply potential 127 V..,
and the transistors of the p-channel conduction type for the
ground potential 126 V__. In order nevertheless to achieve a
tull voltage swing at the output y 107, the voltage drops are
compensated for by means of raising the supply potential
from V5, to (Vyp+tV,,) or (Vays+t2V ) or by means of
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lowering the ground potential V.. to (V~V,) or (V_—
2V ) using the threshold voltage V ;.

The logic basic cell 500 provides a logic basic cell having
an extremely high combinatorial packing density, two addi-
tional supply voltages in each case being provided.

A description 1s given below, with reference to FIG. 6, of
a logic basic cell arrangement 600 in accordance with a
preferred exemplary embodiment of the invention.

The logic basic cell arrangement 600 1s set up for forming,
a logic combination of three data signals a,, a,, a,. The logic
basic cell arrangement 600 has a first logic basic cell 601 and
a second logic basic cell 602, which may be formed like an
arbitrary one of the logic basic cells 100, 300, 400, 500
shown 1n FIG. 1, FIG. 3 to FIG. §. The first data signal a,
1s provided at a first data signal input 603 of the first and
second logic basic cells 601, 602. The second data signal a,
1s provided at a second data signal input 604 of the first and
second logic basic cells 601, 602. On account of the func-
tionality of the first and second logic basic cells 601, 602, a
logic combination 1, (a,, a,) and 1, (a,, a,) 1s provided at the
outputs of the respective logic basic cells 601, 602. The
output signal of the first logic basic cell 601 1s provided at
a first data input 607 of a multiplexer 606. The output signal
of the second logic basic cell 602 1s provided at a second
data signal input 608 of the multiplexer 606. The third data
signal 6035 a, 1s provided at a control mput 609 of the
multiplexer 606. The output signal y=i(a,, a,, a,), 1.e. the
logic combination of the three data signals a,, a, and a,, 1s
provided at the data signal output 610 of the multiplexer
606.

The functionality of the multiplexer 606 can be described
on the basis of equation (1).

Consequently, FIG. 6 shows a logic basic cell arrange-
ment 600 which can realize a function of three data signals
using two logic basic cells according to the mvention. By
means of mterconnecting a plurality of such logic basic cell
arrangements to form a logic device, it 1s possible to realize
an arbitrary logic combination of more than three data
signals.

A description 1s given below, with reference to FIG. 7, of
a logic basic cell 700 1n accordance with a fifth exemplary
embodiment of the invention.

The logic basic cell 700 from FIG. 7 differs from the logic
basic cell 100 shown 1n FIG. 1 1n particular in the intercon-
nection of the fifth n-MOS logic selection transistor 128 and
of the fifth p-MOS logic selection transistor 130.

The first source/drain terminal of the fifth n-MOS logic
selection transistor 128 1s coupled to the first source/drain
terminal of the fifth p-MOS logic selection transistor 130
and also to the second source/drain terminal of the second
n-MOS data signal transistor 113, the second source/drain
terminal of the second p-MOS data signal transistor 121, the
first source/drain terminal of the fourth n-MOS data signal
transistor 115, the first source/drain terminal of the fourth
p-MOS data signal transistor 123 and to the data signal
output 107. Correspondingly, the first source/drain terminal
of the fifth p-MOS logic selection transistor 130 1s coupled
to the first source/drain terminal of the fifth n-MOS logic
selection transistor 128 and also to the second source/drain
terminal of the second n-MOS data signal transistor 113, the
second source/drain terminal of the second p-MOS data
signal transistor 121, the first source/drain terminal of the
fourth n-MOS data signal transistor 113, the first source/
drain terminal of the fourth p-MOS data signal transistor 123
and to the data signal output 107.

Furthermore, the second source/drain terminal of the fifth
n-MOS logic selection transistor 128 1s not coupled directly




US 7,279,936 B2

17

to the supply potential 126 as in the case of the logic basic
cell 100 1n accordance with FIG. 1, but rather to the first
source/drain terminal of the first n-MOS data signal tran-
sistor 112. In accordance with the antisymmetrical arrange-
ment, the second source/drain terminal of the fifth p-MOS
logic selection transistor 130 1s not coupled directly to the
supply potential 127, but rather to the first source/drain
terminal of the first p-MOS data signal transistor 120.

A description 1s given below, with reference to FIG. 8, of
a logic basic cell 800 in accordance with a sixth exemplary
embodiment of the invention.

The logic basic cell 800 from FIG. 8 differs from the logic
basic cell 100 shown 1n FIG. 1 1n particular in the intercon-
nection of the sixth n-MOS logic selection transistor 129 and
of the sixth p-MOS logic selection transistor 131.

The first source/drain terminal of the sixth n-MOS logic
selection transistor 129 1s coupled to the first source/drain
terminal of the sixth p-MOS logic selection transistor 131
and also to the second source/drain terminal of the second
n-MOS data signal transistor 113, the second source/drain
terminal of the second p-MOS data signal transistor 121, the
first source/drain terminal of the fourth n-MOS data signal
transistor 115, the first source/drain terminal of the fourth
p-MOS data signal transistor 123 and to the data signal
output 107. Correspondingly, the first source/drain terminal
of the sixth p-MOS logic selection transistor 131 1s coupled
to the first source/drain terminal of the sixth n-MOS logic
selection transistor 129 and also to the second source/drain
terminal of the second n-MOS data signal transistor 113, the
second source/drain terminal of the second p-MOS data
signal transistor 121, the first source/drain terminal of the
fourth n-MOS data signal transistor 115, the first source/
drain terminal of the fourth p-MOS data signal transistor 123
and to the data signal output 107.

Furthermore, the second source/drain terminal of the sixth
n-MOS logic selection transistor 129 1s not coupled directly
to the supply potential 126, but rather to the second source/
drain terminal of the third n-MOS data signal transistor 114.
In accordance with the antisymmetrical arrangement, the
second source/drain terminal of the sixth p-MOS logic
selection transistor 131 1s not coupled directly to the supply
potential 127, but rather to the second source/drain terminal
of the third p-MOS data signal transistor 122.

A description 1s given below, with reference to FIG. 9, of
a logic basic cell 900 1n accordance with a seventh exem-
plary embodiment of the invention.

The logic basic cell 800 from FIG. 8 differs from the logic
basic cell 100 shown in FIG. 1 1n particular in the 1ntercon-
nection of the fitth n-MOS logic selection transistor 128, of
the fifth p-MOS logic selection transistor 130, of the sixth
n-MOS logic selection transistor 129 and of the sixth
p-MOS logic selection transistor 131.

Clearly, the seventh exemplary embodiment corresponds,
with regard to the change, to a combination of the changes
of the fifth exemplary embodiment and of the sixth exem-
plary embodiment 1n comparison with the logic basic cell
100.

To put 1t another way, this means that the first source/drain
terminal of the fifth n-MOS logic selection transistor 128 1s
coupled to the first source/drain terminal of the fifth p-MOS
logic selection transistor 130 and also to the second source/
drain terminal of the second n-MOS data signal transistor
113, the second source/drain terminal of the second p-MOS

the fourth n-MOS data signal transistor 115, the first source/
drain terminal of the fourth p-MOS data signal transistor 123
and to the data signal output 107. Correspondingly, the first

data signal transistor 121, the first source/drain terminal of
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source/drain terminal of the fifth p-MOS logic selection
transistor 130 1s coupled to the first source/drain terminal of
the fifth n-MOS logic selection transistor 128 and also to the
second source/drain terminal of the second n-MOS data
signal transistor 113, the second source/drain terminal of the
second p-MOS data signal transistor 121, the first source/
drain terminal of the fourth n-MOS data signal transistor
115, the first source/drain terminal of the fourth p-MOS data
signal transistor 123 and to the data signal output 107.

Furthermore, the second source/drain terminal of the fifth
n-MOS logic selection transistor 128 1s not coupled directly
to the supply potential 126, but rather to the first source/
drain terminal of the first n-MOS data signal transistor 112.
In accordance with the antisymmetrical arrangement, the
second source/drain terminal of the fifth p-MOS logic selec-
tion transistor 130 1s not coupled directly to the supply
potential 127, but rather to the first source/drain terminal of
the first p-MOS data signal transistor 120.

Furthermore, the first source/drain terminal of the sixth
n-MOS logic selection transistor 129 1s coupled to the first
source/drain terminal of the sixth p-MOS logic selection
transistor 131 and also to the second source/drain terminal of
the second n-MOS data signal transistor 113, the second
source/drain terminal of the second p-MOS data signal
transistor 121, the first source/drain terminal of the fourth
n-MOS data signal transistor 115, the {first source/drain
terminal of the fourth p-MOS data signal transistor 123 and
to the data signal output 107. Correspondingly, the first
source/drain terminal of the sixth p-MOS logic selection
transistor 131 1s coupled to the first source/drain terminal of
the sixth n-MOS logic selection transistor 129 and also to the
second source/drain terminal of the second n-MOS data
signal transistor 113, the second source/drain terminal of the
second p-MOS data signal transistor 121, the first source/
drain terminal of the fourth n-MOS data signal transistor
115, the first source/drain terminal of the fourth p-MOS data
signal transistor 123 and to the data signal output 107.

Furthermore, the second source/drain terminal of the sixth
n-MOS logic selection transistor 129 1s not coupled directly
to the supply potential 126, but rather to the second source/
drain terminal of the third n-MOS data signal transistor 114.
In accordance with the antisymmetrical arrangement, the
second source/drain terminal of the sixth p-MOS logic
selection transistor 131 1s not coupled directly to the supply

potential 127, but rather to the second source/drain terminal
of the third p-MOS data signal transistor 122.

It should be noted that the logic basic cells 700, 800 and
900 constitute outlay-identical, symmetrical realizations of
the same functionality which the logic basic cell 100 pro-
vides. Their respective functionality table 1s to be adapted in
accordance with their respective interconnection in compari-
son with the functionality table 200 from FIG. 2.

It should furthermore be pointed out that, 1n the event of
relinquishing symmetry, a further 12, that 1s to say a total of
16 switch combinations of the fifth n-MOS logic selection
transistor 128, of the fifth p-MOS logic selection transistor
130, of the sixth n-MOS logic selection transistor 129 and of
the sixth p-MOS logic selection transistor 131 are provided
in alternative embodiments of the invention, which likewise
provide all logic combinations of 2 mput signals 1n a
switchable manner.

The same applies correspondingly to the embodiments
illustrated 1n FIG. 3, FIG. 4 and FIG. 5, in which case it
should be pointed out that four alternative embodiments are
provided 1n the case of the embodiment 1n accordance with

FIG. 3.
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The 1invention claimed 1s:

1. A logic basic cell for forming a logic combination of
two data signals 1n accordance with a logic function that can
be selected by means of a plurality of logic selection
clements, comprising:

a first logic selection element, set 1n accordance with a
first switching variable, between a first data signal input
and a second data signal 1nput;

a second logic selection element, set in accordance with
a second switching variable, between the first data
signal mput and a fourth data signal 1nput;

a third logic selection element, set 1n accordance with a
third switching variable, between the second data sig-
nal mput and a third data signal input;

a fourth logic selection element, set 1n accordance with a
fourth switching variable, between the third data signal
input and the fourth data signal 1nput;

a fifth logic selection element, set 1n accordance with a
fifth switching variable, between a reference potential
and the second data signal mput or between the first
data signal imnput and the data signal output;

a sixth logic selection element, set in accordance with a
sixth switching variable, between a reference potential
and the fourth data signal input or between the third
data signal mput and the data signal output; and

a data signal output, at which the logic combination of the
two data signals 1n accordance with the logic function
selected by means of the logic selection elements can
be provided as an output signal,

wherein the first, second, third, and fourth data signal
inputs have two data signals and logically complemen-
tary data signals thereof applied thereto, and

wherein which case all possible logic functions for com-
bination of the two data signals can be set by setting the
s1X switching variables.

2. The logic basic cell as claimed 1n claim 1, wherein the

logic selection elements are invariable hardware elements.

3. The logic basic cell as claimed 1n claim 1, wherein the
logic selection elements are realized by means of a plurality
of metallization planes and/or by means of vias.

4. The logic basic cell as claimed in claim 1, wherein

the first logic selection element 1s a first logic transistor,
which can be controlled by means of a first logic
selection signal;

the second logic selection element 1s a second logic
transistor, which can be controlled by means of a
second logic selection signal;

the third logic selection element 1s a third logic transistor,
which can be controlled by means of a third logic
selection signal;

the fourth logic selection element 1s a fourth logic tran-
sistor, which can be controlled by means of a fourth
logic selection signal;

the fifth logic selection element 1s a fifth logic transistor,
which can be controlled by means of a fifth logic

selection signal; and

the sixth logic selection element 1s a sixth logic transistor,
which can be controlled by means of a sixth logic
selection signal.

5. The logic basic cell as claimed 1n claim 4, further
comprising first, second, third, and fourth data signal tran-
sistors, at the gate terminals of which in each case one of the
data signals or the logically complementary data signal with
respect to one of the data signals can be provided.

6. The logic basic cell as claimed 1n claim 5, wherein the
first data signal transistor 1s connected such that its

first source/drain terminal 1s coupled to a first source/drain
terminal of the first logic transistor and to a first
source/drain terminal of the second logic transistor; and
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second source/drain terminal 1s coupled to a first source/

drain terminal of a third data signal transistor.

7. The logic basic cell as claimed in claim 6, wherein the
third data signal transistor 1s connected such that 1ts second
source/drain terminal 1s coupled to a first source/drain
terminal of the fourth logic transistor and to a first source/
drain terminal of the third logic transistor.

8. The logic basic cell as claimed in claim 5, wherein the
second data signal transistor 1s connected such that its

first source/drain terminal 1s coupled to a second source/

drain terminal of the first logic transistor and to a
second source/drain terminal of the third logic transis-
tor; and

second source/drain terminal 1s coupled to a first source/

drain terminal of a fourth data signal transistor.

9. The logic basic cell as claimed in claim 8, wherein the
fourth data signal transistor 1s connected such that its second
source/drain terminal 1s coupled to a second source/drain
terminal of the second logic transistor and to a second
source/drain terminal of the fourth logic transistor.

10. The logic basic cell as claimed in claim 5, wherein the
fifth logic transistor 1s connected such that 1ts

first source/drain terminal 1s connected to the first source/

drain terminal of the second data signal transistor, the
second source/drain terminal of the first logic transistor
and the second source/drain terminal of the third logic
transistor; and

second source/drain terminal 1s connected to the second

source/drain terminal of the first data signal transistor
and the first source/drain terminal of the third data
signal transistor.

11. The logic basic cell as claimed 1n claim 9, wherein the
fifth logic transistor 1s connected such that 1ts

first source/drain terminal 1s connected to the second

source/drain terminal of the second data signal transis-
tor and the first source/drain terminal of the fourth data
signal transistor; and

second source/drain terminal 1s connected to the first
source/drain terminal of the first data signal transistor,
the first source/drain terminal of the first logic transistor
and the first source/drain terminal of the second logic
transistor.

12. The logic basic cell as claimed in claim 11, wherein
the fifth logic transistor 1s further connected such that its
second source/drain terminal 1s connected to a supply poten-
tial.

13. The logic basic cell as claimed 1n claim 10, wherein
the sixth logic transistor 1s connected such that 1ts

first source/drain terminal 1s connected to the second
source/drain terminal of the fourth data signal transis-
tor, the second source/drain terminal of the second
logic transistor and the second source/drain terminal of
the fourth logic transistor, and

second source/drain terminal 1s connected to the second
source/drain terminal of the first data signal transistor
and the first source/drain terminal of the third data
signal transistor.

14. The logic basic cell as claimed 1n claim 13, wherein
the sixth logic transistor i1s further connected such that its

second source/drain terminal 1s connected to a supply poten-
tial.

15. The logic basic cell as claimed 1n claim 10, wherein
the sixth logic transistor 1s connected such that 1ts

first source/drain terminal 1s connected to the second
source/drain terminal of the second data signal transis-
tor and to the first source/drain terminal of the fourth
data signal transistor; and

second source/drain terminal 1s connected to the second
source/drain terminal of the third data signal transistor,
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the first source/drain terminal of the third logic tran-
sistor and the first source/drain terminal of the fourth

logic transistor.

16. The logic basic cell as claimed 1n claim 1, further
comprising an evaluation switch coupled to the data signal
output and having a precharge switch, wherein the switches
are connected and can be controlled such that the output
signal 1s provided at an output of the logic basic cell when
the evaluation switch 1s closed and the precharge switch 1s
open, and a reference signal 1s provided at the output of the
logic basic cell when the precharge switch 1s closed and the
evaluation switch 1s open.

17. The logic basic cell as claimed in claim 16, wherein

cach of the evaluation switch and the precharge switch 1s a
transistor.

18. The logic basic cell as claimed 1n claim 3, wherein
cach of the logic transistors and each of the data signal
transistors 1s a transistor of a first conduction type, and the
transistors of the first conduction type form a first data signal
path, and

further comprising a second data signal path formed from
transistors ol a second conduction type, which 1s
complementary to the first conduction type, wherein for
cach of the transistors of the first data signal path, a
correspondingly connected transistor 1s provided 1n the
second data signal path.

19. The logic basic cell as claimed in claim 18, wherein

the first conduction type 1s the p conduction type and the
second conduction type 1s the n conduction type; or

the first conduction type 1s the n conduction type and the
second conduction type 1s the p conduction type.

20. The logic basic cell as claimed in claim 1, set up as a
CMOS logic basic cell.

21. The logic basic cell as claimed 1n claim 1, further
comprising;
a {irst inverter for forming a logically complementary first
data signal with respect to a first data signal; and

a second 1nverter for forming a logically complementary
second data signal with respect to a second data signal.

22. The logic basic cell as claimed 1n claim 5, wherein two
of the data signal transistors are transistors of a first con-
duction type and two of the data signal transistors are
transistors of a second conduction type, which 1s comple-
mentary to the first conduction type, and the four data signal
transistors form a first data signal path, and

further comprising a second data signal path formed from
transistors, wherein for each of the transistors of the
first data signal path has a correspondingly connected
transistor provided in the second data signal path,
corresponding transistors of the first and of the second
data signal paths being transistors of the same conduc-

tion type.

23. The logic basic cell as claimed 1n claim 22, wherein
the transistors of a respective data signal path are provided
with electrical supply potentials such that different threshold
voltages of transistors of the first and of the second conduc-
tion type are at least partly compensated for.

24. The logic basic cell as claimed 1n claim 1, set up as an
application specific integrated circuat.

25. The logic basic cell as claimed 1n claim 1, set up as a
programmable logic device, a field programmable gate
array, or a mask programmed application specific integrated
circuit.
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26. A logic basic cell arrangement for forming a logic
combination of three data signals, comprising:

a first logic basic cell and a second logic basic cell as
claimed 1n claim 1, to the data signal mputs of which
the three data signals and logically complementary data
signals of the three data signals can be applied; and

a multiplexer having a first data input at which the output
signal of the first logic basic cell 1s provided, a second
data input at which the output signal of the second logic
basic cell 1s provided, a control input at which the third
data signal 1s provided, and a data signal output at
which the logic combination of the three data signals 1s
provided as output signal.

27. A logic device for forming a logic combination of
more than three data signals, having a plurality of logic basic
cell arrangements as claimed 1n claim 26.

28. A logic basic cell for forming a logic combination of
two data signals 1n accordance with a logic function, com-
prising:

four data signal 1nputs, to which the two data signals and
logically complementary data signals thereol are
applied;

s1X logic selection elements, which are connected between
the data signal inputs, for selecting the logic function;
and

a data signal output,

wherein a logic combination of the two data signals 1n
accordance with the logic function selected by means
of the logic selection elements 1s provided as an output
signal on the data signal output.

29. The logic basic cell of claim 28, wherein the six logic
selection elements are set in accordance with respective
switching variables, and all possible logic functions for the
logic combination of the two data signals can be obtained by
setting the six switching variables.

30. A logic basic cell arrangement for forming a logic
combination of three data signals, comprising:

a first logic basic cell and a second logic basic cell as
claimed 1n claim 28, to the data signal mnputs of which
the three data signals and logically complementary data
signals of the three data signals can be applied; and

a multiplexer having a first data input at which the output
signal of the first logic basic cell 1s provided, a second
data input at which the output signal of the second logic
basic cell 1s provided, a control input at which the third
data signal 1s provided, and a data signal output at
which the logic combination of the three data signals 1s
provided as output signal.

31. A logic device for forming a logic combination of
more than three data signals, having a plurality of logic basic
cell arrangements as claimed 1n claim 30.

32. A logic basic cell for forming a logic combination of
two data signals 1n accordance with a logic function, com-
prising:

data signal inputs, to which the two data signals and
logically complementary data signals thereol are
applied;

s1X logic selection means, which are connected between
the data signal inputs, for selecting the logic function;
and

a data signal output,

wherein a logic combination of the two data signals 1n
accordance with the logic function selected by means
of the logic selection means 1s provided as an output
signal on the data signal output.
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